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(71) We, IMPERIAL CHEMICAL INDUSTRIES LIMITED, Imperial 
Chemical House, Millbank, London SW!P 3JF, a British Company, do hereby declare 
the invention, for which we pray that a patent may be granted to us, and the method by 
which it is to be performed, to be particularly described in and by the following 

statement: — , . . 

This invention relates to novel prostanoic acid derivatives, and in paracuiarit 
relates to novel 1 l-epi-prosianoic acid derivatives which possess luteoiytic activity. I he 
new compounds are therefore advantageous when used as contraceptives or for control 
of the oestrous cycle in animals. The compounds may also be useful for the induction 
of labour, or as hypotensives, for the relief of bronchospasm, or as inhibitors of gastric 
secretion or of blood platelet aggregation. . . • 

According to the invention there is provided an 1 1-epz-prostanoic aad derivative 

of the formula: 



10 




1 5 wherein either R 1 is a carboxy or hydroxymethyi radical or an alkoxycarbonyl radical 

of 2 to 11 carbon atoms, R* is a hydroxy radical and R* is a hydrogen atom, or R 
is a carboxy radical or an alkoxycarbonyl radical of 2 to 11 carbon atoms and R and 
R> together form an oxo radical, R 2 is a hydroxy radical or an alkoxy radical of 1 to 4 
carbon atoms, Y is an ethylene or rram-vinylene radical, either A is an ethylene or 

20 vinylene radical and X is an alkylideneoxy radical of 1 to 6 carbon atoms wherein 

the alkylidene is bonded to — CHR 2 — and the oxygen is bonded to R\ or an altylene 
radical of 1 to 6 carbon atoms, or A is a vinylene radical and X is a direct bono, 
and R J is a phenyl or naphthyl radical which is unsubstiruted or which bears one or 
two substituents selected from halogen atoms, nitro, hydroxy, phenyl or trinuoromethyl 

25 radicals, alkvl, alkenyl or alkoxy radicals each of up to 5 carbon atoms, or dialkylamino 

radicals wherein each alkvl is of 1 to 3 carbon atoms, and, for those compounds 
wherein R 1 is the carboxy radical, the pharmaceurically or vetennanly acceptable salts 

thCIie ^" citable value for R l when it is an alkoxycarbonyl radical is, for example, a 
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merhoxvcarbonvl ethoxycarbonyl, butoxycarbonyl, hexyioxycarbonyl or decyloxy- 
S^nTS 'es^aUy suchu alkoxycarbonyl radical of up to 6 carbon atoms. 
A suitablTvaliefor A J when it is an alkoxy radical .s, for example, a methoxy, 

^TStev^Trt'when it is an alkylideneoxy radical is, for example , a 
ie^eneox? ethylideneoxy (^L^ H) SS^fSS- 
^^■°r2h(C m ATS^) ^ i7 C a ( ?Sb efaiue?or k when i/is 
r^vkS^rafcS^ for' ^p'f a methylene, ethylidene isoprcpylidene, 

[— CH(CHO . CH 2 — ], 1,1-dimethyletfaylene [— <aCH s ) 2 . CH 2 — J, z metnyieuiy 

^'suiS'Silir 0 ! SS'SKSin » is, for example, a chlorine, bromine 
or M ^SnT^d a suitabk value for alkyl, H«*l or alkoxy subsuruent » R « 
for example, a methyl, ethyl, propyl, aUyl, methoxy, ^W^in 
suitable value for a dialkylammo subsutuent in R is, for example, a aimeinyiamm 

radiC A" suitable pharmaceurically or veterinarily acceptable salt is, for example, an 
° rP TSf of observed that the compounds of the formula I contain at least four 

Lie) described in this specificaaon may be present : to *»™S to ^ ooticaUy 
ontical isomers, and that this invention relates to the racemic form and to any op^cauy 
SKta which possesses the same useful properties it bemg a ^J'™^* 

or 3-rriauort>m«hylphenyl radical, and a preftrmi »alu= for R «noi X is a dircci 
^Li^-KS^S^cid derive .f d* in.««ion - >«f -"-I 

5SKl5. 5 . /hydroxy 

! 6 9 Jl ( lVl5? 6 "'sVSo-pSS - UftlS- dihydroxy - 9 - oxo- 

i-MR 19 20 tetranor - 5 - cu.B - tram - prostadienoic acid and 9a,ll/?,15«- 
ShydSy -15 I - ^ trifluoromethylphenyl) -16,17,13,19,20 - pentanor - 5 - c.,,13- 

of a compound of the formula: — 
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wherein R\ R>, A and Y have the meanings denned above, X' has any of the 
meanings given above for X except a direct bond, R« is a terxanydropyran-2-yIoxy 
or C._r. aWxydialkylmethoxy radical, for example a 1-methoxy-l-methylethoxy 
radical R T is an atkoxy radical of 1 to 4 carbon atoms or a tetrahydropyran-2-yIoxy 
or C-.o alkoxydialkylmethoxy radical, for example a 1-methoxy-l-methylethoxy 
radical, and either R 8 is a hydroxy radical or a tetrahydropyran-2-yloxy radical 
and R 3 is a hydrogen atom, or R 8 and R* together form an oxo radical; or R is 
a hydroxy radical or an aroyloxy radical of up to 15 carbon atoms R is hydroxy 
radical and R s is an aroyloxy radical of up to 15 carbon atoms, whereafter when 
a salt is required, the product so obtained is reacted with a base; or 
(b) for those compounds wherein R l is a carboxy radical, R* is an ^Tj"^™^ 
R s is a ^-hydrogen atom, A is a vinylene radical and X »s a direct bond, the 
reaction of a lactol of the formula: — 




" y P 7„ C Tc^'(f" a suiuble m=U,od for *par,™« of , S-™» co = d tan 
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wherein R' and R J have the meanings defined above, with a (4-carboxybutyl)- 
triphenylphosphonium salt, for example the bromide, in the presence of a . strong 
base, whereafter when a salt is required, the product so obtained is reacted with 

20 ( C ) for^os? compounds wherein R 1 is an alkoxycarbonyl radical, the reaction of the 20 

corresponding compound of the formula I wherein R 1 is a carboxy radical, with 
adiazoalkanf of 1 to 10 carbon atoms, or of a salt thereof, for example a silver or 
sodium salt, with an alkyl halide, for example an alkyhodide; or 
fd) for those compounds wherein R l is a hydroxymethyl radical, R* is a hydroxy 

25 ^ ^ radical and R 5 is a hydrogen atom, the reduction of a corresponding compound of 25 

the formula I wherein R 1 is an alkoxycarbonyl radical, for example with a 
complex metal hydride such as lithium aluminium hydride; or 

(e) for diose compounds wherein R* is an alkoxy radical, the reaction of the corres- 
oonding compound of the formula I wherein R J is a hydroxy radical with an 

30 Kyi hfhdeTl to 4 carbon atoms, for example an alkyl iodide, in the presence of 30 

a scrone base, for example sodium hydride; or 

(f) forTole compounds wherein A is a mw-vinylene rad.cal, die «P««»!» °*» 
1 mixture comprising the said compound wherein A is a fram-ymylene radical and 

the corresponding compound wherein A is a c« -vinylene radical. 

35 h^olysis fn process (a) may be carried out with an acid, for example 3. 

aaueous acetic add or a sulphonic acid, for example toluene-p-sulphonic acid in a 
C a^^ol whai R or R' is tetrahvdropyran-2-yloxy radical, or buffered citric acid 
SV P H 3 ) when R* or R 1 is an alkoxydialkylmethoxy radical, or it may be cam«l 
«..t with a base for example an alkali metal carbonate such as potassium carbonate, 

40 when R^ or RMs an SfSy radical, and it may be carried out at ambient temperature 40 

" " £ pS^bTwnen Soused is a sodium base, for example methane- 

sulph;nvCy. C S odium in dimethyf sulphox.de or potassium t-butoxjde , chepjj"* 
I obtained is one wherein, substantially completely, A is /raw-ymylene, wnereas u 
45 LburvNl Shi£n E sulpholane is used as the strong base, the product ob^ined 'S one 4, 
wh.ch contains a mixrure of the compound wherein A is trans-v uivlene_ »dto » 
pound wherein A is ^-vinylene, which mixrure may oe separated into its components 
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■srtierein R* is a hydros radical ma, ^^^X^S" idd!^™ 
^icarboxylate ester m the presence of ■gf^^SSS.* the lactone with 

used in me preparation of the known lactones of the formula IV . 




The star** material of the formula i^SSftee^Sr* 

III (R 2 =aikoxy). , . ^ process of the invention, 

TT* starting «^»^.% S Sv axe ^a^eX^opyran-2-yloxy radical 
wherein A is a vmylene radical, R j and K are ^ corresponding compound 

and R. is a hydroxy radical, may ^ otauned^. «™ ™ ^£^ whic h is reduced 
VI with dihydropyran, to PJVJ* M ^£2£nE4 for ^rnp^und VI, and the 
with di-isobutyl alurainium hydride, ^^^^p^yTpho'Tphoruum' salt, as 
resulting lactol is reacted with a (4 ^SgSiafll wherein A is c-vinylene, 
described above for a lactol 111, to give la ^ ^ strong base 

if methanesulphinylmethyl sodium or potassium ? s ^-vinylene and cis- 

on silica gel impregnated with silver mtrate „ wherein R- and R T are each 

Corresponding starting materials °^J°^ s ^T^Zsm g an alkoxyalkene, 

an alkoxyciialkylmethoxy radical, may be pr^ared sumlarly, using 

for example 2-methoxypropene, in place of ^^P^n. tctrahy dro- 
The starting material ^^"J^gS L « 5uS. may be obtained 

ffS^of^oSii*! LSSTn wherein R> is a hydroxy rascal, for 

wherein Y is a rron^-vmylene radical, R » J"/*°S?LJ^ lactone , 4^-dimethoxy- 
each a hvdroxy radical, may be obtained by treating the Known l w ictuu , ^ 

azodicarboxylic ester in the P^ence of mphea yjphos? ^ ^ protected 
the benzoate of the C—5 epimer -of VII (VIII), 3^ di-isobutyl aluminium 

^SHrrong b»se™Sm which mi«urc the cycloper.tan.1 denvauve XI 
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vri vti r 



-CH 2 .A(CH 2 ) 3 -C0 2 H 




HO. CH 2 .A(CH,) 3 C0 2 CH 3 P9 '°\ ™2 " A (CH 2 > 3 C °2 CH J 





^.ACCH^CO^ "'^ CH 2 A(CH 2 ) 3 C0 2 CH3 




HO 

XIV 



3.0 v CH ? .A(CH,) 3 C0 2 CH 3 

II (R° = R' = OH, R a = PBO) 



-> / | ^ II (R 6 = R 7 = ~" * 3 



HO 
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Bz= benzoyl, THP - rerrahydropyran-2-yl, PB = 4-phenytbenzoyl 

wherein A is the rranj-vinyiene radical may be separated by chromatography on silica 
gel impregnated with silver nitrate. Alternatively, the mixture may be processed through 
one or more subsequent steps of the synthesis, and the corresponding trans mtermediate 
may be separated at any convenient subsequent stage. A cyclopentanol derivative XI is 
converted by reaction with diazomethane'to the methyl ester XII. The methyl ester 
XII is reacted with an acyiating agent derived from an aroic acid, for example 
4-phenyibenzoyi chloride, to give a 4-phenyibenzoate ester XIII, which is selectively 
hydro lysed in rwo steps, rirst to remove the tetrahydropyranyl protecting group (XIV), 
and then to hydrolyse the acetal to give the aldehyde (XV). The aldehyde XV is Id 
treated with a phosphonate (CH s O) 2 PO . CH 2 CO . XR 3 or a phosphorane 
Ph 3 P:CH . CO . XR 3 in the presence of a strong base to give the enone XVI, reduction 
of which with aluminium tri-isopropoxide or di-isobornyloxy aluminium lsopropoxide 
gives the required starting material II wherein A is a vinylene radical, Y is trans- 
vinvlene, R* — R r = hvdroxy, and R 3 = aroyloxy. 

The starting material of the formula II, used in the process of the invention, 
wherein A is a vinvlene radical, Y is a rranj-vinyiene radical, R a and R 9 are each 
an arovloxy radical and R r is a hydroxy radical may be obtained from the methy ester 
XII by selective hvdrolysis of the tetrahydropyranyl radical, for example with toiuene- 
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" 1 a~i yvtt which is reacted with an acylating 

p-sulphonic acid in tetrahydrofuran, to ^ did -X™™^,*^ to give a bis- 
ect derived from « ^^J^TS£Sd?%d«oI^d with dilute aqueous 
(phenylbenzoate ester) XVIII, which « "f^^ XIX is reacted with a phos- 
£ d to the corresponding The which is reduced, 

ftSri^^Tr SSSt££° S£ S *e — " 

(R9 l£r^^ 

R. and R are each a hydroxy ^^fA A,^ rtdical, may be obtained by 
hydroxy radical and R« and ^ ^^f^^Tfx with/ for Sample sodium 
reducing respectively an enone XV} a^Ts.l+Klihydro enols, from which the 

borohydride to give a mature of ^arated by conventional procedures, 

13,14-dihydro enol (II, Y = ethylene) may be s^amea y^ ^ ^ 

Starting materials of the formula J £ aterial fj. wherein A is a «i- 

obtained^hydrogenation of a ^^"^Sate^Te formula XIV or XVIII, 

XIV ° r XVIH * 

W lf a^J^I^^"™^ XIV 1156(1 " ^ ab0VC ?r0CeSS te 

obtained by treating the 



XII 




XVIII 



PB.O v 




XIX 



?3.0 




(R 6 = R a . pb.o, 

R 7 = OH) 



XX 



nn„nd XXI with an azodicarboxylate ester as <lcscribed above m give a 

known compound aai W1U1 aii . ■ rA _ P( 4iate analogous to av ana avi w 




^:h(och 3 ) 2 



XXI 



XXII 



a compound of the formula: — 
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with an azodicarboxylate ester as described above, to give a starting material of the 
formula II (R s = benzoyioxy, R 7 = hydroxy, R 9 =4-phenylbenzoyloxy). 

Compounds of the formula XXIII are known for certain values of — XR 3 , for 
example where — XR 9 is 3-chlorophenoxy, and corresponding compounds for other 
values of — XR 3 may be manufactured in a completely analogous manner. 

Starting materials of the formula II wherein R 1 is a carboxy or hydroxymethyl 
radical may be obtained from the corresponding compound wherein R l is an alkoxy- 
carbonyl radical by, respectively, saponification or complex metal hydride reduction, 
for example with lithium aluminium hydride. 

Starting materials of the formula II wherein R l is an alkoxycarbonyl radical may 
be obtained from an 1 l-*pi-prostanoic acid derivative of the invention of the formula I 
wherein R 1 is an alkoxycarbonyl radical by reaction with 2,3 -dihydropyran to give a 
tris(tetrahydropyranyl ether) XXIV which is reduced with lithium alu min iu m hydnde 
to a hydroxymethyl compound XXV which in turn is alkylated to give a starting 
material II (R 1 = alkoxymethyi, R* = R T = R 8 = tetrahydropyran-2-yloxy). 



KR'salkoxycarbonyl) 



THP.O, 

4 



THP.O. i 
,.,*CH 2 A(CH 2 ) 3 R 



THP.O 




XXIV 




~* II (R 1 = alWoxymethy i, 
R 5 -R 7 -R 9 =THP.O> 



THP.O 



THP = tetrahydropyran-2-yl. 

As stated above, the compounds of the invention possess luteolytic properties. 
For example, 16 - (3 - chlorophenoxy ) - 9a,ll£,15a - trihydroxy -17,18,19,20- 
tetranor-5 -ci*, 1 3 -franj -prostadienoic acid is approximately 500 times as active as natural 
prostaglandin F^ in a luteolytic test in the hamster (oral dosing), but possesses only 
1/12 of the smooth muscle stimulant activity of the natural compound. The compounds 
of the invention are therefore more selective than the natural compound in terms of 
luteolytic activity. No indication of toxicity to small animals has been noted at the 
luteo lyrically effective doses tested. 

The compounds of the invention are therefore useful, for example, for the induc- 
tion of labour in childbirth, and for this purpose are used in the same way as it is 
known to use the naruraily-occurring prostaglandins E t and E 2 , that is to say, by 
administering a sterile, substantially aqueous solution con tainin g from 0.01 to 10 /xg/mL, 
preferably 0.01 to 1 ,"g./ml. of active compound, by intravenous, extraovular or 
intra-amniotic administration until labour commences. Also, for this purpose, the com- 
pounds of the invention may be used in combination, or concurrently, with a uterine 
stimulant, for example oxytocin, in the same way that it is known to use prostaglandin 
F^a in combination, or concurrently, with oxytocin for the induction of labour. 

When a compound of the invention is to be used for the control of the oestrus 
cycle in animals, it may be used in combination, or concurrently, with a gonadotroph^, 
for example PMSG (pregnant mare serum gonadotrophs) or HCG (human chorionic 
gonadotrophs) to hasten the onset of the next cycle. 

Thus, according to a further feature of the invention there is provided a pharma- 
ceutical or veterinary composition comprising an 11 -epz -prostanoic acid derivative of 
the invention, together with a pharmaceutical ly or veterinarily acceptable diluent or 

carrier. . . . . 

The compositions may be in a form suitable for oral administration, for example 
tablets or capsules, in a form suitable for inhalation, for example an aerosol or a 
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solution suitable for spraying, in a form suitable for parenteral administration, for 
example sterile injectable aqueous or oily solutions or suspensions, or in the form of 
a suppository, suitable for anal or vaginal use. 

The compositions of the invention may be prepared by conventional means, and 
5 may incorporate conventional excipients. 

The invention is illustrated, but not limited by the following Examples. 

Example 1. 

^ A solution of 1 6- ( 3 -chlorophenoxy ) -9«-hydroxy- 1 lfl, 1 5<r-bis ( tetrahydropyran-2- 
yloxy)-17,18,19,20-tetranor-5-cwA3-iro7w-prostadienoic acid (108 mg.) in 2 mis. of a 
10 2*1 v/v mixture of acetic acid and water, was stirred at 50° C for 4 hours. The 

solvents were evaporated, the residue was dissolved in dilute aqueous sodium bicarbonate 
solution (2 ml.), the solution was extracted with ethyl acetate (3x2 ml.) and the 
extracts were discarded. The aqueous solution was acidified to pH 3 — 4 with 2N 
aqueous oxalic acid and the acidified solution was extracted with ethyl acetate 
15 (4x5 ml.). The ethyl acetate extracts were washed with a 1:1 v/v mixture of saturated 

brine and water, and were then dried. After evaporation of the ethyl acetate, the 
residue consisted of 16 - (3 - chlorophenoxy) - 9a,ll£,15a - crihydroxy - 17,18,19,20- 
^ tetranor-5-cw,13-fra7w-prostadienoic acid. Thin-layer chromatography on silica gel 

plates, supplied commercially by Merck of Darmstadt, using a mixture of 3 / Q v/v 
20 acetic acid in ethyl acetate as the developing solvent, gave the pure compound, R P = 0.2. 

The n.m_r. spectrum in deuteriated acetone showed the following characteristic bands 
(S values): — 

6.9 — 7.2, broad multiplet, 4 aromatic protons, 
5.2 — 6.1, broad multiplets, 4 olefinic and 4 exchangeable protons, 
25 3.95 — broad multiplets, 5H, >CH . O-protons. , . . , « 

The mass spectrum of the tetra(trimethylsilyl) derivative showed 
(M—CH 3 ) + - 697.2990, (calculated for 0*^00^ = 697.3001). 

The bis(tetrahydropyranyi ether) used as starting material may be obtained as 

30 foUow ^ o a Qf 40 . [4 _ (3 _ chlorophenoxy) - 3fi - hydroxybut - 1 - tram- 

enyll - 2,3Jaj3,6aj3 - tetrahydro - 5a - hydroxy - 2 - oxocyclopenteno [b] furan (838 
mg. , mphenylphosphine (1.63 g.) and benzoic add (758 mg.) in tetrah^furan 
(15 ml ) was added dropwise during 10 minutes diethyl azodicarboxylate (1.06 g.). 
After 45 minutes, the solvent was removed by evaporation, and the residue was 

35 extracted with ethyl acetate (3 x 30 ml.). The combined extracts were washed succes- 

sively with sodium bicarbonate solution and brine, and dried, and the solvents were 
evaporated to give the bis-benzoate ester, 5^-benzoyloxy-4^-[3a.benzoyloxy-4-(^ 
chlorophenoxy)but - 1 - trans - enyl] - 2,3^/^)3 - tetrahydro - 2 - oxocyclopenteno- 
fbl furan, R P = 0.6 ( 5 % ethyl acetate in methylene dichlonde ) . 

40 To a solution of the bis-benzoate ester (1.03 g.) in a mixture of methanol and 

methylene dichloride (2:1) was added anhydrous potassium carbonate (578 mg.) ; . ine 
mixture was stirred for 6 hours at room temperature, acidified to pH 5 with IN hydro- 
chloric acid, and diluted with ethyl acetate ( 100 ml.). The rnixture was washed succes- 
sively with saturated sodium bicarbonate solution and brine, the organic phase was 

45 separated and dried, and the solvents were evaporated under reduced pressure, ine 

crude product was chromatographed on MFC silica gel, using ethyl acetate in methylene 
dichloride as eluant, to yield the did, 4)5- [ 4- (3 -chlorophenoxy );)^ hy ^ %yb T± ^\ 
enyl] -2,3 ,3 a/3 ,6a/?- tetrahydro- 5 /3-hydroxy-2 -oxocyclopenteno [b] furan R P = 0.4 (ettyi 
acetate). The n.m.r. spectrum (in deuterated chloroform) showed the following char- 

50 acteristic bands (6 values): — 

6.8 — 7.6, broad multiplets, 4 aromatic protons, 
5.8 — 6.0, 2 olefinic protons, 

3.7—5.2, broad multiplets, 5H, >CH . O— protons 

To a solution of the diol (215 mg.) in methylene dichlonde (8 ml.) ^er an 
55 atmosphere of nitrogen were added successively redistilled ^ 

and a solution of anhydrous toluene-p-sulphonic acid in « CTah y d f °j u ^ o C ^;S w v e thvi 
1% w/v soiuaon). After 10 minutes, pyridine (3 drops) was added, ^ ' ™£ 

acetate (50 mi ). The solution was washed successively with saturated sodium bicar 
ornate solution and saturated brine, and was dried. Evaporation of the solvents gave a 
60 bisCtetrahvdropvranyl ether) as a clear oil, R P ---0.6 (ethyl acetate). 

5S( To a y soiution y of the / bis(tetrahydropyranyl ether) (320 m*) i ^ f 
(15 ml.) under an atmosphere of nitrogen at -78° C was added 0.86 rnl of L95M 
Solution of di-isobutyl aluminium hydride in toluene. After 15 f^^^J^^^ 
quenched bv the dropwise addition of methanol (3 ml.) and after a further 15 minutes 
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at room temperature a mixture of 1:1 v/v saturated brine/water (25 ml.) was added, 
and the mixture was extracted with ethyl acetate (3 * 50 ml.)- The extract was washed 
with saturated brine, and dried, and the solvents were exaporated to give the bctol, 
43 - f4 - (3 - chlorophenoxy) - 3a - (tetrahydropyran - 2 - yloxy) - 1 - trans- 
butenyl] - 2 3,3a/?,6afl - «rahydro - 2 - hydroxy - 50 - (tetrahydropyran - 2 - .yloxy )- 
cydopenteno[b]furan, R ? =0.3 (25% v/v ethyl acetate in methylene dichlonde) 

A stirred solution of (4-carboxybutyl)triphenylphosphomum bromide (6.21 g.) in 
dry toluene (125 ml.) was treated under argon at 90° C. with rxjtasaum-outoxide 
(3 01 r ) to form a solution of the corresponding ylide. The yhde solution (22.3 ml.) 
was then added to a solution of the lactol (388 mg.) in dry toluene (5 ml.) at room 
temperature. The mixture was stirred for 40 minutes, then water (1 ml.) was added. 
The wluene was evaporated, and the residual gum was pamnoned between diethyl 
ether (4 x 10 ml.) and water (4 ml.). The aqueous layer was separated, acidified with 
2N oxalic acid to P H 4, and extracted with a 1:1 v/v mixture of diethyl ether and 
oentane (6x 15 ml.). The combined extracts were washed with brine, dried over 
magnesiurn sulphate and filtered, and the solvent was evaporated to give the reaped 
bisTtetrahydropyranyl ether), 16 - (3 - chlorophenoxy) 9a - hydroxy - 11£,15« - bis- 
(teSSo^Sn^I - yloxy) - 17,18,19,20 - tetranor - 5 - cis,l3 - trans - prostadieno.c 
acid, R P = 0.5 (ethyl acetate). 

Example 2. 

The process described in Example 1 was repeated, using the corresponding 
lLfl,15fl-bis(tetrahydropyranyl ether) as starting material, to give 16-(3-crdoro- 
ohenoxy) - 9a,llJ,15£ - trihydroxy - 17,18,19,20 - tetranor -5 - cis,U -jra™- 
%S3Lc addfR P = 0.3 (3% a/eric acid in ethyl ^^^JP^ 
(in deuterated acetone) showed the foUowmg characteristic bands (5 values).— 

6 9 7 3, broad multiplets, 4 aromatic protons, 

5 2 6.1, broad multiplets, 4 olefinic and 4 exchangeable protons, 

4 0 4 6 broad multiplets, 5 H, >CH . O — protons , 

ThT'mas! spectrum of the tetra(tnmethylsilyl) denvauve snowed 
(M— CH,r = 697.2970, (calculated for C^H.xCiO^ = 697.3001). 

The bis(tetrahydropyranvl ether) used as starting material may be obtained by 
the sequence of steps described in the second part of Example \™^*™**$r 
(3 - chlorophenoxy) - 3a - (tetrahydropyran - 2 - yloxy) - 1 - trans - bucenyi ) 
2,3,3aS* tetrahydro - 2 - oxo - 5a - (tetrahydropyran - 2 - yloxy) - cyclopenteno- 
fblfuran, via the following intermediates: . , „ . s 

1 J "bis-benzoate ester»?R F = 0.6 (5% v/v ethyl ace ^ m , me r ^^^ 

"dioi", R F = 0.4 (ethyl acetate). The n^n.r. spectrum in deuterated acetone showed 
the following characteristic bands (S values): 
6.8 — 7.6, broad multiplets, 4 aromatic protons, 
5.8 — 6.0, 2 olefinic protons, 

3 7—5.2, broad muiriplet, 5H, >CH . O— protons 
<<bis(tetrahydropvranyl ether)", R P = 0.6 (25% v/v ethyl acetate in methylene 

dichlonde) ... 
"lactol", R F = 0.3 (25% v/v ethyl acetate in methylene dichlonde). 

Example 3. 

The process descnbed in Example 1 was repeated, using 16-(3.chlorophenoxy)-9. 
oxo - 1I/?,15« - bis(tetrah V dro P yran - 2 - yloxy) - 17,18, 9,20 - tetranor - 5 - • «, 13- 
^-prostanoic acid as starting material, to give 16-(3^rJoropheno Xy )-11^15a ; 
dihvdroxv-9-oxo-i7,18,19,20-tetranorO"-ci5,13-£ranj-prostadienoic acid, K P - U.4 ,o 
Stic aad in ethyl acetate). The n.m.r. spectrum (in deuterated acetone) showed the 
following characteristic bands (o values): 

6 9 7 2, broad multiplets, 4 aromatic protons, 

5.2—6.1, broad multiplets, 4 olefinic and 3 exchangeable protons, 

The "^^^S^^ 9 ^^ 00 denVadVe 

showed M-= 667.2936, (calculated tor = 667.2946). 

The bis(tVtrahydropyranyi ether) used as starting material may oe obtained as 

f0UOW \ solution of 16 - V 3 - chlorophenoxy) - 9a - hydroxy - 110,15- - bis( letra- 
hvdropvran ° - vtoxv) - 17,18,19,20 - tetranor - 5 - cis.Xl - tram - P™«?*«° IC . aad 
?9?m P g ) in acetone % ml. at u« C was treated with ^ chromic acid (50^.) 
for 25 minutes. Isopropanol was added, and the solution was di uted with 
(50 mlO washed with bnne and dried. Evaporation of the solvent gave the required 
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10 



15 



20 



9-oxo-bis ( tetrahydropyranyl ether ) , 
dichioride). 



R F = 0.4 (5% v/v methanol in methylene 



Example 4. 

The process described in Example 3 was repeated, using the corresponding 
ll/?,15/?-bis(terxahydropyranyi ether) as starting material, to give 16-(3-chloro- 5 
phenoxy) - 11£,15£ - dihydroxy - 9 - oxo - 17,18,19,20 - tetranor - 5 - cis,13 - trans- 
prostadienoic acid, R P =:0.5 (2.5% v/v acetic acid in ethyl acetate). The n.m.r. 
spectrum (in deuterated acetone) showed the following characteristic bands (5 values): 

5.9 — 7.2, broad multiplets, 4 aromatic protons, 

5.2 — 6.1, broad multiplets, 4 olefinic and 3 exchangeable protons, 10 

3.95 — 4.6, 4H, >CH . O — protons 
The mass spectrum of the l,ll,15-tris(trimethylsilyl)-9-methoxyiinino derivative 
showed M* = 667.2928, (calculated for C 32 H 54 ClN0 6 Si» = 667.2946). 

The bis( tetrahydropyranyl ether) used as starring material may be obtained by 
oxidation of the corresponding 9<r-hydroxy 11 0, 15£-bis( tetrahydropyranyl ether) de- 15 
scribed in Example 2, by the process described in the second part of Example 3, 
R P = 0.4 (5% v/v ethyl acetate in methylene dichioride). 

Example 5. 

The process described in Example 1 was repeated, using the appropriate bis( tetra- 
hydropyranyl ether) as starting material to give the compounds shown in the table 20 
below. Mass spectrum data for the tetra(trimethylsilyl) derivatives. R F values, for thin 
layer chromatography on silica gel, eluted with ethyl acetate, are also given for the 
corresponding diol intermediates of the formula VI. 




*.CH(0H).X 









Mass spectrum 


Diol of 
the 
formula VI 


R 


Y 


X 


Found 


Calculated 


3-trif luoromethyl 


trans- 
viny lene 


CH : G 


M" -746.3492 


746.3458 


R F - 0.4 


hydrogen 


irans* 
viny lene 


CH 2 


(M-CHJ* 
- 647.3431 


647.3441 


Rp = 0.2 


4-chloro 


<* runs - 

v my lene 


CH : 0 


(M-CHJ 

6^7 .291 3 


h9? 2999 


Rp 0.2 


3-chloro 


e thy lene 


CH,0 


\l 7 L4.3371 


714.3391 


Rp 0.3 



In the manufacture of the compound wherein Y is an ethylene radical, the required 
starting material is obtained as follows: 

A mixture of epimers (epimers at C — 3 of the butenyl side-chain) of 4/?-[4-(3- 
chlorophenyl) - 3 - hydroxybut - 1 - trans - enyl] - 2,3 ,3a/?, 6a/3 - tetrahydro - 2- 

-30 oxo - 5<x - (p - phenyibenzoyioxy) - cyclopenteno(b]furan (1.83 g.) was dissolved in 30 

ethanol (28 mi/ and the solution was added to nickel boride, previously prepared from 
nickel acetate (3.5 g.) and sodium borohydride (551 mg.). The mixture was shaken 
with hydrogen for 4 hours and was then filtered, and the filtrate was evaporated to 
dryness to give a mixture of epimeric saturated alcohols, 4/?-[4-(3-chIorophenoxy-3- 

35 hy'droxybutyl] - 2.3,3a0,6a/3 - tetrahydro - 2 - oxo - 5a - (p - phenyibenzoyioxy)- 35 

cyclopentenof b] turan, R K = 0.3 (50-', v/v ethyl acetate in toluene). The mixture of 
epimeric saturated alcohols (1.47 g. ) was stirred vigorously for 2£ hours with finely 
powdered anhydrous potassium carbonate (1.02 g.) in methanol (40 ml.). IN Hydro- 
chloric acid ( 15 mi.) was added, followed by ethyl acetate (200 ml.). The organic layer 
was separated, washed successively with saturated sodium bicarbonate solution and 40 
brine, and dried, the solvents were evaporated, and the residue was chromatographed 
on "Florisir* (trade mark) magnesium silicate (50 g.). Elution with diethyl ether 
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removed by-products, and subsequent elution with ethyl acetate gave a mixture of the 
corresponding saturated epimeric diols, R?= 0.3 (ethyl acetate). 

Example 6. 

To a solution of the more polar C — 15 epimer of 1 6- ( 3 -chlo rophenoxy ) - 
3 9<r,ll£,15a - trihydroxy - 17,18,19,20 - tetranor - 5 - cis, 13 - trans - prostadienoic acid 5 

(59 mg.) in methanol (1 ml.) at 0° C. was added an excess of a solution of diazo- 
methane in diethyl ether. After 10 minutes, the solvents were evaporated to give the 
single C — 15 epimer, methyl 16 - (3 - chlorophenoxy) - 9<r,lljff,15a - trihydroxy- 
17,18,19,20 - tetranor - 5 - cis 7 13 - - prostadienoate as a clear oil R P = 0.15 (ethyl 
10 acetate) (M— CH 3 )* = 639.2754, (calculated for C 3x H 32 C10 6 Si*= 639.2760). 10 

Example 7. 

A solution of methyl 16 - (3 - chlorophenoxy) - 9<x,ll£,15a - trihydroxy- 
17,18,19,20 - tetranor - 5 - cw,13 - trans - prostadienoate (14 mg.) in a mixture 
of diethyl ether (1ml.) and tetrahydrofuran (1 ml.) was added to a suspension of 

15 lithium aluminium hydride (25 mg.) in diethyl ether (3 ml.). The mixture was stirred 15 

at room temperature for 1 hour, the excess of hydride was destroyed by the addition 
of water (1 ml.) and the mixture was extracted with ethyl acetate. The extract was 
dried, and the solvent was evaporated to give 16- (3 -chlorophenoxy)- 17, 18, 19,20- tetra- 
nor-5-cfx43-rr^mj-prostadien-l ) 9tt,lljff,15a-terxa-oI, R F =0.5 (10% methanol in ethyl 

20 acetate). The mass spectrum of the terra (trimethylsilyl) derivative showed ^.0 

M + = 698.3412, (calculated for C 34 H fl3 C10 5 Si 4 = 698.3441). 

Example 8. 

To a solution of methyl 16 - (3 - chlorophenoxy) - 9a,ll£,15a - trihydroxy- 
17,18,19,20 - tetranor - 5 - ct*,13 - trans - prostadienoate (22 mg.) in 1,2-dimethoxy- 

25 ethane (2 ml.) were added successively methyl iodide (1 ml.) and sodium hydride 25 

(2.25 mg. of a 60% w/v suspension in oil), and the mixture was stirred at room tem- 
perature for 2 hours. The solvents were evaporated under reduced pressure, and the 
residue was shaken with a mixture of ethyl acetate (3 x 15 mi.) and water (3 ml.). The 
organic phases were separated, combined and dried, the solvent was evaporated and 

30 the residue was purified by thin layer chromatography on silica gel plates, using ethyl 30 

acetate as the developing solvent, to give methyl 16 - (3 - chlorophenoxy) - 9or,ll£- 
dihvdroxy - 15a - methoxy - 17,18,19,20 - tetranor - 5 - cts,13 - trans - prostadienoate, ^ 
R F = 0 30 (ethyl acetate). The mass spectrum of the bis ( trimethylsilyl )denvative 
showed (M—CH 3 )^ = 581.2490, (calculated for C 29 H 46 C10 5 Si a = 581.2521). 

35 Example 9. 35 

To a solution of 16 - (3 - chlorophenoxy) - ll/?,15a - dihydroxy - 9 - oxo- 
17 18,19 20 - tetranor - 5 - ci*,13 - trans - prostadienoic acid (24 mg.) in methanol 
(3 mi.) was added sodium borohydride (15 mg.). After 15 minutes, the reaction was 
quenched by the addition of aqueous oxalic acid, and the mixture was extracted with 

40 methylene dichloride (2 x 50 mis. ). The extracts were combined, washed with saturated 40 

brine, and dried, and the solvents were evaporated to give a crude product which was 
esterified using an excess of diazomethane in diethyl ether (2 ml.). The methyl ester 
was purified by chromatography on 1.5 g. of silica gel, using ethyl acetate as eluent, 
to give methyl 16 - (3 - chlorophenoxy) - 9/?,ll/?,15a - mhydroxy - 17,18,19,20- 

45 - tetranor - 5 - «j,13 - trans - prostadienoate, R F = 0.30 (50% acetone/methylene di- 4d 
chloride). The mass spectrum of the tris( trimethylsilyl) derivative showed 
(M—CH,)*- 639.2798, (calculated for C^H^CiO.Sia = 639.2758). 

Example 10. 
ample 9 was 

50 11,-5 iVrt.isnmer as startine material, to give methyl 1 6- (3 -chlo rophenoxy) -9£,11 LV" 50 




en 

acetone in methylene chloride). 



Example 11. 

\ solution of 9a - hvdroxv - 11/7,15 - bis(l - methoxy - 1 - methylethoxy) -13- 
55 (4 - crifluoromethylphenyl) - 16,17,18,19,20 - pentanor - 3 - as 13 - trans - prosta- 3D 

dienoic acid (123 mg.) in O.S ml. of pH 3 citric acid burfer and l.S ml. of acetone 
was stirred at room temperature for 18 hours. The solvents were evaporated and th- 
residue was extracted with ethyl acetate (3x3 ml.)- The extracts were combined, 
washed with a 1:1 v/v mixture of saturated brine and water, and were then dnea. 
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After evaporation of the ethyl acetate, the residue consisted of a mixture of the : C-l J 
™w« Af 9„ 11/3 15 - trihvdroxv - 15 - (4 - trifluoromethylphenyl) - 16,17,18,19^20- 
Se^^5^3 -JSS^orf^ acid. Chromatography of this residue 
Malinkrodt (trade nuEk) siHca gel (2 g.), and elunon with ace^^o- 
5 nexanTgave the separated C-15 epimers of 9a4^45-^o^-l5-(4-mfluo^ 

n^mvlohenvn-16,17,18,19^0-p<^tanor-5-m,13-iraw-prostad 1 enoic and, R F = 0.15 and 
^6 (2.5% v/v acedc acid in^yl acetate). The amx. spectrum of each epimer (m 
deuterated acetone) showed the following characteristic bands (4 values). 
7.65, 4 aromatic protons „„ mrI , rrj—rxj 

10 5 4 6 1, 5H, 4 olefinic protons and-PhCH(OH) . CW-^ti— 

42—4 9, 6H, C— 9, C— 1 1 and 4 exchangeable protons. 

The^s spectrum of the tetra(trimethylsilyl) derivative showed M + = 716.3353, 

^S^Z^£S^t^^ be prepared as follows: 
15 S a sXion of 2,3,3a|,6^-terrahydro.5^h y droxy-4^ -V-**^<+£_ 

fluoromethylphenyl)-l-^-propen y l] -2-oxocyclopenteno [b] ffP^° "^J^ 
pared by the process described in the second part of Eampfel) """"Jffi 6 
(4 ml), under an atmosphere of nitrogen, were added successively re aisuueci 
2 mSoxroroiwie (528 mg.) and a solution of anhydrous toluene-p-sulphomc aadin 

25 °* ^ J-SfiS 1 orripimeric ether (260 mg. ) in dry toluene (17 mL ) under an 

qu^eJbrKopwise addition of methanol (2 mL), and after a furdier ^utes 
at room temperature, a mixture of 1:1 v/v saturated bnne/waw ( 15 mL) was adde£ 
30 and the mixture was extracted with ethyl acetate (3. x 25 ml.). The extract : 

with saturated brine and dried, and the solvents were evapor^d to , ve a nnxn^of 
epimers of the lactol, 2,3,3a/J,6a/J - tetrahydro 2 -hydroxy -5fl (1 
1 - methylmethoxy) - 4jS - [3 - (1 - msthoxy - 1 - mediylethoxy) - 3 - (4 mnuoro 
methylphenyl) - 1 - trow - propenyl] - cydopenteno[b]furan, R P = 0.15 (40 /„ ethyl 

35 ""Ifflif the lactol (260 mg.) in toluene (7 ml.) was added . » a soU^tion £ 

ootassium 5-rriphenyl-phosphoranyUdenevalerate prepared from 1 mole of (4 ^°oxy 

The solution was soiled fot 1 hour, and the solvent vas "movea 'r r , 
40 reduced pressure. The residue was shaken ««h W M ) and die 

S?3 y -^p!os.adie»oic »c,d. R F .0J! (10% v/v methanol in methylene chloride). 

Example 12. ,. 
The process described in Example 1 was repeated, using ^correspond mg 
llftlsSisftetrahvdropyranyl ether) as starting matenal » 6£ e *\ g ^J _ e ^f. 
J[ 6 J- chlorophenoxy) - 9 a ,U^ - tnhyd ?g " J V/^ace^Lld inTtnyl 

5-cw,13-rran*-prostadienoic acid, K F = u.n ana u.^u ^--^ / c / 

aCeD The mass spectrum of the tetra(trimethylsilyl) derivative showed M' = 725.3224, 
^hei ^S^yranyl'S^ed as starting material may be obtained as 

fOU °To a solunon of 4.8 - [4 - (3 - chlorophenoxy) - 3 - ^y^j^^: 
1 - trans - enyi) - 2,hWMP ; tetrahydro - 2 - oxo - « - (4 - ^^^1 

' Tn ntr n s ml of a IV w/v solution). After 10 minutes, pyridine (1 ml.) 

(2?0 ml.). ™S£i 
with sodium bicarbonate solution and brine, and was dried. Evaporation of the solvents 
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gave the epimeric teixahydropyranyl ether as a dear oil, R P = 0.5 (20% v/v ethyl 
acetate in methylene dichloride). To a solution of the epimeric tetrahydropyranyl ether 
(2.0 g.) in methanol (50 ml.) was added finely powdered anhydrous potassium carbon- 
ate (648 mg.). The mixture was stirred vigorously for 6 hours, then IN hydrochloric 
5 acid (7 ml.) was added, followed by ethyl acetate (200 ml.). The organic layer was 5 

separated, washed successively with saturated sodium bicarbonate solution and brine 
and dried, and the solvents were evaporated. The residue was chroma to graphed on 
"Florisil" (trade mark) magnesium silicate (40 g.). Elution with diethyl ether removed 
the by-products, subsequent elution with ethyl acetate gave a mixture of the C — 15 
10 epimers of 4£ - [4 - (3 - chlorophenoxy) - 4 - methyl - 3 - ( tetrahydropyran - 2- 10 

.yl)pent - 1 - trans - enyl] - 2,3,3a/3,6a£ - tetrahydro - 5a - hydroxy - 2 - oxo - cyclo- 
penteno[b]furan, R P = 0.25 (40% v/v ethyl acetate in methylene chloride). The process 
described in the latter part of Example 1 was repeated, using the above compound in 
place of the diol. 

15 Example 13. 15 

The process described in Example 3 was repeated, using the appropriate 9-oxo- 
bis( tetrahydropyranyl ether) as starting material, to give the derivatives shown in 
the following table. 










Mass Spectrum 


R 


Y 


X 


Found 


Calculated 


3-trifIuoromethyl 


trans- 
vinylene 


CH 2 0 


\|" = 701.3202 


702.3210 (a) 


hydrogen 


trans* 
viny iene 


CH 2 


Vl + = 617.3338 


617.3388 (a) 


4-chloro 


trans- 
vinylene 


CH : 0 


(M-CH,) + = 
623.2438 


623.2433 (b) 


3-chloro 


ethylene 


CH 2 0 


M + - 640.2850 


640.2823 (b) 


3 -chloro 


trans- 
vinylene 


C(CHJ 2 0 


M + = 695.3240 


695.3260 (a) 



(a) — for 9-methoxyimino-tris(trimethylsilyl) derivative 



(b) — for 9-oxo- risUrimethy Isi lyl) derivative 



Example 14, 

A solution of 1 1/3,15 - bis(l - methoxy - 1 - methylethoxy ) - 9 - oxo - 15- 
(4 - mfluoromethylphenyl) -16,17,18,19,20 - pentanor - 5 - cw,13 - trans - prosta- 
dienoic acid (143 mg.) in a mixture of 0.7 ml. of pH 3 citric acid buffer and 2.1 ml. 
25 of acetone was stirred at room temperature for 18 hours. The solvents were evaporated, 25 

and the residue was extracted with ethyl acetate (3x20 ml.). The extracts were com- 
bined, washed with a 1:1 mixture of saturated brine and water, and then dried. After 
evaporation of the ethvl acetate, the residue consisted of a mixture of the C — 15 
epimers of 110,15 - dihydroxy - 9 - oxo - 15 - (4 - trifiuoromethylphenyl)- 
3° 16,17,18,19,20 - pentanor - 5 - cu,13 - trans - prostadienoic acid, R P =0.45 (2£% v/v 30 

acetic acid in ethyl acetate). The n.m.r. spectrum (La deuterated acetone) showed the 
following characteristic bands (6 values): 

7.67, 4 aromatic protons, 

5.3—6.3, 4 olefinic protons, 
3 3 C l5 proton and 3 exchangeable protons 35 

The mass spectrum of the bis(trimethylsilyl)-9-methoxyuruno-methyl ester showed 
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M + = 671.3080, (calculated for C„H j2 F,N0 s Si,= 671.3 104). «.„__,. 
n,<. 9 oxo-bis-ether used as starting material may be obtained as follows. 
I^olSor 9a - hydroxy - lj,l5 - bis - (1 - methozy - 1 - "ethyletho^)- 

ether, R P = 0.43 ( 10% v/v methanol) in methylene chloride). 
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Example 15. 

1 6-( 3-Chlorophenoxy )-9a,l lftl5a-trihydroxy- 17,1 8,19,20- 

terxanor-5-dj,13-irawj-prostadienoic acid 
Sodium citrate B.P. 
Citric acid, anhydrous, B.P. 
Sodium chloride, Ph.Eur. 
Water for injections, Ph.Eur. to 



250 /*g. 
30.5 xng. 

2.8 mg. 
35.0 mg. 

5.0 ml. 



The sodium citrate, citric acid and sodium chloride are disso fed ^ ™«^c 

^TheTrostadienoic acid derivative may, of course, be replaced by an equivalent 
amount of another prostadienoic acid derivative of the invention. 



Example 16. 



15.(4-trifluoromemylpheno X y)-9a,11^45a-trmydroxy 

16,17,18,19^0-pentanor-5-ci5,13-fran.-prostadienoic acid 0.003 

Sodium phosphate q'^q 
Sodium hydrogen phosphate ^ 
Water for injection 

chloride B.P. for administration by intravenous infusion. equiva lent 

the prostadienoic acid derivative may, of course, be replaced oy an c 4 
amount of another prostanoic acid derivative of the invention. 

T^^fSl— «« of an 11-^-prostanoic acid derivative of the 

formula: 




wherein either R l 
up to 11 carbon 
a carboxy radical 
together form an 
carbon atoms, Y 
vinyiene radical, 
the alkylidene is 



CH .A(CH,) J l 



is a carboxy or hydroxymethyl radical or an alkoxycarbonyl radical of 
atoms, R 4 is a hvdroxy radical and R» is a hydrogen atom or R is 
or an alkoxvcarbonyl radical of 2 to 11 <=^|} awms rf 
oxo radical', R J is a hydroxy radical or an alkoxy radical of 1 to 4 
is an ethylene or trans -vinyiene radical, either A is an ethylene or 
and X is an alkylideneory radical of 1 to 6 carbon atoms wherein 
bonded to — CrTR 2 and the oxygen is bonded to R\ or an alkylene 
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radical of 1 to 6 carbon atoms, or A is a vinylene radical and X is a direct bond and 
R' is a phenyl or naphthyl radical which is unsubstituted or which bears one or two 
fubstiruents selected from halogen atoms, nitro, hydroxy, phenyl or mfluoromediyl 
radicals, alkyl, alkenyl or alkoxy radicals each of up to 5 carbon atoms, or diaJkylammo 
radicals wherein each alkyl is of 1 to 3 carbon atoms, and, for those compounds whensn 5 
Ri is the carboxy radical, the pharmaceutical^ or vetennanly acceptable salts thereof, 

Tat for 0 XTcompounds wherein R l is a carboxy radical, R\ when it is a hydroxy 
W radical, is in the configuration and X is other than a direct bond, the hydrolysis ^ 
of the compound of the formula: — 

II 

:hr?xV 

wherein R» R\ A and Y have the meanings defined above X' has any of die 
melnTgs given above for X except a direct bond, R« is a "^STT^bS 
or C-f alkoxydialkylmethoxy radical, R' is an alkoxy radical of 1 to 4 carbon 
atoms or fte^ahydropyran-2-yloxy of ^*^^™ttR™t 3 

either R« is a hydroxy radical or a tetrahydropyran-2-yloxy radical and R s 
a hydrogen atom, or R s and R 5 together form an oxo radical, or R » 
RMs a J-hydrogi atom, A is a vinylene radical and X is a b^J** 
a hydrox? radical or an aroyloxy radical of up to 15 carbon atoms, ^hydroxy 
radical and R 3 is an aroyloxy radical of up to 15 carbon atoms, whereafter when 20 
a salt is required, the product so obtained is reacted with a base, or 
(b) for mose^unds wherein * is a carboxy radical, RMs an -^g^f 
R J is a 0-hydrogen atom, A is a vinylene radical and X is a direct bond, the 
reaction of a lactol of the formula: 





in 



25 



. . anf 4 r> have the meanings defined above, with a (4-carboxybutyl)- 
Sph^hos^oSumTlt.t the pres^ce of a strong base whereafter when a salt 

(e) ^^^^ 30 

^ Sdi^n^^^ 

the formula I wherein R* is an ^^^^the reaction of the corres- 35 
(0 ^cS^of^iuS r^S. R* is hydroxy radical with an 

K# haUdeTl to 4 carbon atoms in the presence jhj b ^ on o{ a 

Fsrinfes3?=s avwSTf* . wh^ 

Rl R2 * o3 R t r* A, X and Y have the meanings stated in claim l. 

^ 5 3 ^ j ^ j 3 . ' . . , ■•„,.•. a<; r'aimed m claim 2 wherein K is a 

butoxy radical, A, Y, K and K nave ^ tnc ^«"= s i_ methvl propyhdeneoxy, 1- 
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crifluoromethyl-, methyl-, ethyl-, propyl-, allyl-, methoxy-, ethoxy-, propoxy-, or 
dimethylamino- phenyl or -naphthyl radical, and for those compounds wherein R 1 is 
a carboxy radical, the ammonium, aikylammonium containing 1 to 4 alkyl substituents 
each of 1 to 4 carbon atoms, alkanoiammonium containing 1 to 3 2-hydroxyethyl 
5 radicals, and alkali metal salts thereof. 5 

4. An ll-e/*-prostanoic acid derivative as claimed in claim 2 or 3 wherein R 1 
is a carboxy, hydroxymethyl or methoxycarbonyl radical, A is a cz'j-vinylene radical, 
R 4 , R 5 and Y have the meanings stated in claim 1, R 2 is a hydroxy or methoxy radical, 
X is a direct bond or a methyieneoxy or methylene radical, and R 3 is a phenyl, chloro- 

10 phenyl or trifluoromethylphenyl radical. 10 

5. An 11-epi-prostanoic acid derivative as claimed in claim 2 wherein R 1 is a 
carboxy or hydroxymethyl radical, or an alkoxycarbonyi radical of up to 11 carbon 
atoms, and R 2 , R 3 , R 4 , R 5 , A, X and Y have the meanings stated in claim 1. 

6. An 11-epi-prostanoic acid derivative as claimed in any one of claims 2 to 5, 

l ^ wherein R 1 is a carboxy, hydroxymethyl, methoxycarbonyl or ethoxycarbonyi radical, 15 

R 2 is a hydroxy radical, A is a cis-vinyltnc radical, Y is a trans-vinylenc radical, X is a 
direct bond or a methyieneoxy radical and R 3 is a chlorophenyl or trifluoromethylphenyl 
radical. 

7. An ll-e/n'-prostanoic acid derivative as claimed in any one of claims 2 to 6 

20 wherein X is a methyieneoxy radical and R 3 is a 3 -chlorophenyl or 3-trifluoromethyi- 20 
phenyl radical. 

8. An 11-epi-prostanoic acid derivative as claimed in any one of claims 2 to 6 
wherein X is a direct bond and R 3 is a 4-trifluoromethylphenyl radical. 

9. An 1 1-e/w-prostanoic acid derivative as claimed in claim 2 which is 16-(3- 

25 chlorophenoxy) - 9a,ll£,15a - trihydroxy - 17,18,19,20 - tetranor - 5 - cis,13 - trans- 25 

prostadienoic acid, 16 - (3 - chlorophenoxy) - 9£,11/?,15« - trihydroxy - 17,18,19,20- 
tetranor - 5 - cis,l3 - trans - prostadienoic acid, methyl 16 - (3 - chlorophenoxy )- 
9a,ll/?,15« - trihydroxy - 17,18,19,20 - tetranor - 5 - cis,\3 - trans - prostadienoate, 
16 - (3 - chlorophenoxy) - 17,18,19,20 - tetranor - 5 - cis,l3 - trans - prostadien- 

30 l,9a,lljS,15a - tetraol, 16 - (3 - chlorophenoxy) - 11£,15 - dihydroxy - 9 - oxo 30 

17,18,19,20 - tetranor - 5 - cis, 13 - trans - prostadienoic acid or 9a,ll£,15a - tri- 
hydroxy - 15 - (4 -trifluoromethylphenyl) - 16,17,18,19,20 - pentanor - 5 - cis,l3- 
trans - prostadienoic acid. 

10. An 11-ept-prostanoic acid derivative as claimed in any one of claims 2 to 9 

S5 which is in racemic form. * 35 

11. An 11-epx-prostanoic acid derivative as claimed in any one of claims 2 to 9 
' which is in a luteolytically-erTective optically-active form. 

12. A pharmaceutical or veterinary composition comprising an 11-epx-prostanoic 
acid derivative as claimed in claim 1 together with a pharmaceutical^ or veterinarily 

10 acceptable diluent or carrier. 40 

13. An il-£pi-prostanoic acid derivative as claimed in claim 2 substantially as 
hereinbefore described in any one of Examples 1 to 14. 

14. An 11-epi-prostanoic acid derivative as claimed in claim 5 substantially as 
hereinbefore described in any one of Examples 1 to 4. 

45 15. A composition as claimed in claim 12 substantially as hereinbefore described 45 

in Examples 15 of 16. 

J. D. ATKINSON, 
Agent for the Applicants. 
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